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ABSTRACT
Stine, Trevor Allen. M.S. The University of Memphis. August, 2015. Faulting
Within and Bounding Northern Crowley’s Ridge, Northeast Arkansas. Major
Professor: Dr. Roy Van Arsdale.

Crowley’s Ridge is a topographic ridge composed of unconsolidated
Eocene, Pliocene, and Pleistocene sediment that extends from Helena,
Arkansas, to Thebes, Illinois. The ridge has been described as an erosional
divide separating the Eastern and Western Lowlands of the Mississippi River
Valley in Arkansas. However, north-south trending faults have been proposed
along the east and west ridge margins based on seismic reflection lines. Based
on changes in Pliocene Upland Complex gravel elevations, previous studies
have also proposed east-west striking normal faults within Crowley’s Ridge. In
this current study, lignite exploration electric and lithologic logs and water well
logs were interpreted on and adjacent to the northern half of Crowley’s Ridge.
Three internal faults trend north-south within Crowley’s Ridge. Additionally, eastwest trending cross sections revealed approximately 30m of displaced Eocene
strata across the eastern and western ridge margins, which support the
interpretation of post-Eocene tectonic uplift of Crowley’s Ridge.
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CHAPTER 1
INTRODUCTION

Purpose
The purpose of this research is to test the hypothesis of tectonic control on
the formation of the northern half of Crowley’s Ridge in northeast Arkansas (Fig.
1). Crowley’s Ridge is a north-trending ridge in the otherwise flat central
Mississippi River Valley. The ridge has previously been described as an
erosional divide separating the Eastern and Western Lowlands in Arkansas
(Guccione et al., 1990). More recent studies by Van Arsdale et al. (1995; 2007)
have argued that fluvial erosion, loess deposition, and tectonic uplift are
responsible for the formation of Crowley’s Ridge. In this study, lignite exploration
electric and lithologic logs from the North American Coal Corporation and the
Arkansas Geological Survey as well as water well logs from the United States
Geological Survey were interpreted on and adjacent to the northern half of
Crowley’s Ridge, north of Jonesboro, Arkansas. Structure contour maps and
cross sections from the well data were made to determine whether subsurface
Paleogene and Pliocene strata have been faulted. Specifically, this study seeks
to identify any east-west trending faults that cross Crowley’s Ridge as well as any
north-south trending faults that bound the ridge.

1

Figure 1. Regional map including Crowley’s Ridge separating the Eastern
and Western Lowlands of the Mississippi embayment. The wider northern
section of the ridge in Clay, Greene, and Craighead counties of
northeastern Arkansas is the area of this study.
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Geologic Setting
Crowley’s Ridge is a topographic ridge composed of unconsolidated
Paleocene, Eocene, Pliocene, and Pleistocene sediment that extends from
Helena, Arkansas to Thebes, Illinois (Van Arsdale et al., 1995). The ridge
extends for a distance of 300 km and reaches a maximum width of 18 km near
Jonesboro (Guccione et al., 1990). Stratigraphically, Paleocene and Eocene
shallow marine and fluvial sands and clays are overlain by Pliocene Mississippi
River fluvial sands and gravels (Van Arsdale et al., 2014a), which in turn are
overlain by Pleistocene loess capping much of the ridge (Guccione et al., 1990;
Saucier, 1994) (Fig. 2). The Paleocene Wilcox and Eocene Claiborne groups
consist of deltaic sands, silts, and clays with lignite. The Wilcox Group is exposed
along the western margin of the northern half of Crowley’s Ridge (Guccione et
al., 1990; Cox, 1988a). Private companies as well as the Arkansas Geological
Commission have explored the extent of the lignite deposits along and adjacent
to the ridge using borehole logging methods (Meissner, 1984; Csontos et al.,
2008). The Pliocene section of Crowley’s Ridge consists of the Upland Complex,
which has been described as a terrace of the ancestral Mississippi and Ohio
Rivers (Van Arsdale et al., 2007).
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Figure 2. Stratigraphic column of the northern Mississippi embayment
(modified from Crone, 1981).
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Crowley’s Ridge appears to be primarily an erosional divide separating the
Eastern and Western Lowlands of the Mississippi River Valley. The ridge formed
during late Pliocene or early Pleistocene, when the Western and Eastern
Lowlands on either side of Crowley’s Ridge were entrenched by the ancestral
Mississippi and Ohio Rivers, respectively (Saucier, 1994; Van Arsdale et al.,
2007). The lowland alluvium immediately adjacent to the ridge is Pleistocene
and is capped by loess (Saucier, 1994). Landforms along the western side of the
ridge are Early Wisconsin-age terraces of the ancestral Mississippi River locally
capped by Peoria loess (Saucier, 1994; Rittenour et al., 2007). The Eastern
Lowland sediments were deposited by the ancestral Ohio and Mississippi rivers
and consist of Pleistocene meander and braid belt terraces locally capped by
Pleistocene loess (Rittenour et al., 2007). The alluvium in the Eastern Lowlands
becomes younger and thinner eastward from the ridge (Van Arsdale et al.,
2014b). Terrace ages (Rittenour et al., 2007) support eastward migration of the
ancestral Ohio and subsequently the ancestral Mississippi rivers across the
Eastern Lowlands. This eastward migration could have been due to uplift of
Crowley’s Ridge (Van Arsdale et al., 1995).
The Precambrian basement rocks beneath the northern Mississippi
embayment contain the historically active Reelfoot rift system (Fig. 3a). This
system is a failed rift formed during the Cambrian breakup of the Rodinia
supercontinent. Reactivation of the rift faults is believed to be responsible for the
great earthquakes of 1811-1812 near New Madrid, Missouri (Hildenbrand and
Hendricks, 1995; Csontos et al., 2008). Correlations of displacements of the
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base of the Mississippi River Valley alluvium and structures within the Reelfoot
rift suggest fault reactivation beyond the footprint of the New Madrid seismic
zone (Csontos et al., 2008; Van Arsdale et al., 2013).
Previous work
Faults have been identified along the margins of Crowley’s Ridge by
shallow seismic reflection lines that suggest the ridge has undergone tectonic
uplift of several meters (Van Arsdale et al., 1995) (Figs. 4 and 5). Additionally,
Cox (1988a,b) suggested that the north section of Crowley’s Ridge has
undergone tilting during the Quaternary. Faults have been identified in cross
section on Crowley’s Ridge by the Arkansas Geological Survey as part of a
lignite investigation (Meissner, 1984). Csontos et al. (2008) and Van Arsdale and
Cupples (2013) argue that the local uplift and subsidence found within the
Reelfoot Rift zone is due to Quaternary right-lateral transpression that formed
stepovers (Fig. 3). One of these stepovers is the southern portion of Crowley’s
Ridge.
In more recent work, Van Arsdale and Cupples (2013) identified east-west
trends of structural highs and lows in the base of the Upland Complex gravels of
Crowley’s Ridge, which they attribute to faults striking east-west (Fig. 3a). These
highs and lows are a continuation of similar trends found within the Upland
Complex of western Kentucky and Tennessee. Applying right-lateral shear to the
Reelfoot Rift basement faults results in a strain ellipse (Fig. 3b) with north-south
compressional structures (horsts) and east-west striking normal faults that
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appears to explain the origin of these structures (Van Arsdale and Cupples,
2013).

Figure 3. (A) Faults within the Reelfoot Rift in eastern Arkansas (from Van
Arsdale and Cupples, 2013). East-west normal faults represented by
barbed lines. [CG – Commerce geophysical lineament/fault, WM –
northwestern Reelfoot rift margin, AF – Axial fault, EM – southeastern
Reelfoot rift margin, CU – Charleston uplift, RFN – Reelfoot North fault, MS
– Meeman-Shelby fault zone, JR – Joiner Ridge, BA – Blytheville arch, LR –
Little Rock, M – Memphis, C – Cairo, J – Jonesboro, NM – New Madrid].
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B

Figure 3. (B) Strain ellipse illustrating right-lateral simple shear (from Van
Arsdale and Cupples, 2013).
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Figure 4. Locations of Mini-Sosie and shotgun seismic reflection lines that
extend across the margins of Crowley’s Ridge (from Van Arsdale et al.,
1995). Faults were interpreted at the margins of Crowley’s Ridge on most
of these seismic lines.
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Figure 5. Mini-Sosie reflection line 4 and geologic interpretation. See
Figure 4 for location. P – Paleozoic, K – Cretaceous, M – Midway Group, W
– Wilcox Group (from Van Arsdale et al., 1995).
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CHAPTER 2
METHODS

I. Geophysical data
Throughout the 1970s, the Phillips Coal Company (now the North
American Coal Company) drilled lignite exploration wells regionally, including
Crowley’s Ridge (Fig. 6). Wire-line geophysical logs and lithologic descriptions
by Phillips Coal Company geologists for each well (Fig. 7) are housed within the
Ground Water Institute at the University of Memphis. Each geophysical log
contains curves representing gamma ray, density, and resistivity signatures,
which in conjunction with the lithology logs describe the sediments. Each of
these wells is approximately 300 ft. (~100 m) in depth. Along the ridge, many of
the logs penetrate through Holocene alluvium and Pleistocene loess, Pliocene
Upland Complex sand and gravel, and bottom in either Eocene Claiborne Group
or Paleocene Wilcox Group sands and clays (Fig. 2). Additionally, lignite
occurrence along the ridge has been investigated by the Arkansas Geological
Commission (Meissner, 1984) (Fig. 6). The conformable Paleogene section of
Crowley’s Ridge dips to the southeast at less than 17m/km and is overlain
unconformably by the Upland Complex sand and gravel sequence that slopes
southerly at 0.27 m/km (Meissner, 1984; Prior et al., 1985; Van Arsdale et al.,
2007). Wells are also available along the ridge margins that penetrate
Pleistocene loess, Pleistocene Mississippi River alluvium, and bottom in
Claiborne or Wilcox fluvial-deltaic sand and silt. A third dataset used in this study
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are geophysical well logs publicly available through the United States Geological
Survey as the Arkansas part of the Mississippi Embayment Regional Aquifer
Study (MERAS) (Fig. 6).
II. Structure Contour Maps
The first goal of this project was to examine the lignite well logs and pick
the top and base of the Upland Complex gravel sequence (top of Paleogene) on
the ridge. Structure contour maps were created for the top of the Paleogene
strata using ArcGIS software. The geostatistical analyst tools within ArcGIS
contain various surface interpolation methods. The different interpolation
methods (Natural Neighbor, Spline, Kriging, and Local Polynomial Interpolation)
were compared to determine which method best represented the surfaces and
minimized artifacts. Local polynomial interpolation uses specified searching
neighborhoods and is best suited for capturing short-range variation in a dataset,
making it a good method for identifying areas of possible fault displacement, and
thus is used in this study.
The second phase of this study focused on the subsurface mapping of the
Paleogene sediments both within the ridge and across the ridge margins. The
top of the Paleocene Wilcox Group proved to be the most reliable marker bed
because of its prevalent and consistent low resistivity signature on the electric
logs. Additional Wilcox, Memphis Sand, and Midway picks were obtained from
published interpreted logs from the Mississippi Embayment Regional Aquifer
study (Fig. 8) (Hart and Clark, 2008). A structure contour map of the top of the
Wilcox Group was created also using the local polynomial interpolation algorithm.
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Wells were chosen based on the clarity of the picks on the geophysical
logs. Additionally, wells for the Upland Complex map were chosen based on
their topographic location. Wells that were located in or near stream valleys were
eliminated to avoid the misinterpretation of Quaternary gravels as Pliocene
gravels. Tabulated well data can be found in Appendix A.
III. Cross Sections
Four east-west trending and two north-south trending geologic cross
sections were constructed in this study (A-A’ to F-F’) (Fig. 9). The cross sections
correlate lithologic units interpreted from the geophysical logs, primarily focused
on the Upland Complex and underlying Paleocene Wilcox Group and locally the
Paleocene Midway Group. All correlation was first done by hand on graph paper
and then recreated in Canvas® 9, a graphics software suite by ACD Systems.
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Figure 6. Locations of Mississippi Embayment Regional Aquifer Study
(MERAS), Arkansas Lignite Investigation, and Phillips/North American Coal
Corporation wells.
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Figure 7. (a) Greene County electric well log showing picks of the Pliocene
Upland Complex gravel and the underlying Paleogene Claiborne Group; left
trace, gamma ray; center trace, density; right trace, resistivity. (b)
Lithologic log of the same well made by a Phillips Coal company geologist.
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Figure 8. A deep Craighead County electric log with Wilcox (WLCX) and
Midway (MDWY) picks from the Mississippi Embayment Regional Aquifer
Study (Hart and Clark, 2008).
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Figure 9. Locations of geologic cross sections.
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CHAPTER 3
RESULTS

I. Structure Contour Maps
Figure 10 illustrates the structure contour map of the base of the Pliocene
Upland Complex. The distribution of the Upland Complex on Crowley’s Ridge is
limited to areas of high elevation where the sand and gravel have not been
removed or redistributed by Quaternary stream entrenchment. Sixty seven wells
were used to create Figure 10. Well control is greatest in Greene County and
southern Craighead County. Highest basal contact elevations are in the extreme
northern section of the map area, consistent with this unit being alluvium of the
south-flowing Pliocene Mississippi River. However, highs and lows in the base of
the gravel are present throughout the map area, with elevations ranging from 70
to 170 meters.
Figure 11 illustrates the structure contour map of the top of the Paleogene
Wilcox Group. Sixty two wells were used to create the map. Elevations range
from -30 to 120 meters. The highest elevations (reds) are in the center of the
map area beneath the ridge, with minor overlap extending across the ridge
margin in the northwest area of the map. The lowest elevations (beige, blue) are
east and west of the ridge. The southeastern portion of the map is poorly
constrained due to poor well control. The upper Wilcox contact was not mapped
in Clay County due to few wells.
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Figure 10. Structure contour map of the base of the Pliocene Upland
Complex within the northern portion of Crowley’s Ridge.
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Figure 11. Structure contour map of the top of the Paleocene Wilcox
Group.
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II. Geologic Cross Sections
Figures 12-17 show geologic cross sections trending north-south and
east-west in Greene and Craighead counties (see figure 9 for locations). Specific
criteria were applied when interpreting any offset in each cross section. First, in
order to identify offset as being fault controlled, there should be consistent offset
of more than one stratigraphic unit. Second, areas of displacement should be
able to be connected between more than one cross section line. The final
criterion requires that any faults should be supported by both cross section data
and the structure contour surfaces.
Cross section A-A’ (Fig. 12) trends east-west 33 km in northern Greene
County across Crowley’s Ridge. Quaternary alluvium extends to the edge of the
ridge and is underlain by displaced Paleocene Wilcox near the ridge margins.
Displacement on the Wilcox is down-to-the-west approximately 50m across the
western ridge margin and down-to-the-east approximately 30m across the
eastern ridge margin. The Wilcox Group also shows apparent fault displacement
internal to the ridge. While the Upland Complex appears to be displaced 20m
down-to-the-east between GR_177 and GR_183, the Wilcox surface does not
reflect similar displacement, thus suggesting that the Upland Complex may
consist of different Pliocene terrace levels.
Cross section B-B’ (Fig. 13) trends east-west 14 km in southern Greene
County and extends across the eastern ridge margin. Quaternary alluvium
extends to the edge of the ridge. The tops of the Paleocene Wilcox and Eocene
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Memphis Sand are displaced approximately 35m down-to-the-east across the
eastern ridge margin.
Cross section C-C’ (Fig. 14) trends north-south 44 km through Greene
County and northern Craighead County. Several areas of apparent fault
displacement ranging from 20m to 35m are present in the top and base of the
Upland Complex. Limited Wilcox picks along this line did not allow determination
of faulting based on the previously stated criteria for fault identification. Thus, it
is possible that line C-C’ represents several terrace levels within the Upland
Complex.
Cross section D-D’ (Fig. 15) trends east-west 23 km in southern
Craighead County across Crowley’s Ridge. The Paleocene Wilcox and Midway
groups are displaced approximately 30m down-to-the-west across the western
margin of Crowley’s Ridge. Similar displacement can be seen in seismic line 4
from Van Arsdale, 1995 (Fig. 5). The Wilcox Group is also displaced down-tothe-east within the ridge. The Eocene Memphis Sand appears to be displaced
45m across the eastern ridge margin, but this displacement is speculative based
on a lack of deeper picks.
Cross section E-E’ (Fig. 16) trends east-west 22 km in southern
Craighead County across Crowley’s Ridge. The Paleocene Wilcox and Midway
groups are displaced approximately 40m down-to-the-west across the western
margin of Crowley’s Ridge. Down-to-the-east faults with approximately 40m and
80m of displacement occur within the ridge. The Eocene Memphis Sand and
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Paleocene Wilcox groups are displaced approximately 30m down-to-the-east
across the eastern ridge margin.
Cross section F-F’ (Fig. 17) trends north-south 22 km in southern Greene
County and northern Craighead County. The Upland Complex appears to be
displaced approximately 25m down-to-the-south in the northern portion of the
cross section. The Paleocene Wilcox Group is displaced across three down-tothe-south faults. From north to south the displacements are approximately 30m,
35m, and 25m.

Figure 12. Geologic cross section A-A’. See Figure 8 for location. QA –
Quaternary Alluvium. Dashed faults are speculative. V.E. = 75x.
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Figure 13. Geologic cross section B-B’. See Figure 8 for location. V.E. =
100x.
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Figure 14. Geologic cross section C-C’. See Figure 8 for location. Dashed
faults are speculative. Yellow boxes encompass possible paleo-terrace
levels. V.E. = 250x.

Figure 15. Geologic cross section D-D’. See Figure 8 for location. Dashed
faults are speculative. V.E. = 100x.
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Figure 16. Geologic cross section E-E’. See Figure 8 for location. V.E. =
100x.
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Figure 17. Geologic cross section F-F’. See Figure 8 for location. V.E. =
100x.
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CHAPTER 4
DISCUSSION

Faults within Crowley’s Ridge
The structure contour map of the base of the Pliocene Upland Complex
(Fig. 10) reveals areas of high and low elevation. These highs and lows are
similar to those argued to originate from normal faults proposed by Van Arsdale
and Cupples (2013) on Crowley’s Ridge (Fig 3a). While the datasets used for
both studies are similar, the current study used more selective techniques in
choosing appropriate well logs and also incorporated additional groundwater and
lignite exploration wells. Additionally, the current study applies stricter criteria for
identifying faults. Cross section C-C’ (Fig. 14) illustrates several areas of
apparent fault displacement on the top and base of the Upland Complex. A lack
of deeper picks below the Pliocene in the cross section leads to an inability to
confidently identify offset in the Upland Complex as fault displacement. An
alternative explanation is that the different elevations of the Upland Complex are
due to different Pliocene terrace elevations. Similar potential terrace levels of
approximately 15-20m are observed on cross-section A-A’.
Several areas of east-west apparent fault displacement occur within
Crowley’s Ridge (Fig. 14 and 17). Cross-section F-F’ (Fig. 17) shows 25m of
apparent fault displacement of the Pliocene Upland Complex between wells
GR_151 and GR_269. This displacement correlates with the southern portion of
cross section C-C’ (Fig. 14) between wells CH_101 and GR_147 where the
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Pliocene Upland Complex appears to be displaced approximately 20m.
However, the Wilcox surface below these picks does not appear to be displaced.
Thus, a fault does not seem probable in this section. Additionally, three separate
areas of fault displacement occur in the Eocene Wilcox group further south in
cross section F-F’ (Fig. 17). East-west Post Eocene faults with approximately
30m of down-to-the-south displacement are suggested in Craighead County by
cross-section F-F’. However, these displacements could not be correlated
between more than one cross section.
East-west trending cross-sections (Figs. 12, 13, 15, and 16) reveal several
north-south trending faults within Crowley’s Ridge that have not been previously
identified (Fig. 18). East-west displacement of 40m or greater occurs on the
Eocene Wilcox and Paleocene Midway groups on these faults.
Crowley’s Ridge Margin Faults
The idea that Crowley’s Ridge is bounded by faults was suggested by
Nelson and Zhang, 1991; and Van Arsdale et al.,1995; based on the fault uplift of
the ridge as revealed in seismic reflection data. Seismic reflection lines 8 and 4 in
Figure 4 show down-to-the-west displacement across the western ridge margin.
Seismic lines 7 and 5 show down-to-the-east displacement across the eastern
ridge margin. More recently, as part of the Mississippi Embayment Regional
Ground Water Study, Waldron et al. (2011) illustrate displacement of Eocene
units across the eastern margin of Crowley’s Ridge in Craighead County. In this
study, the structure contour map of the top of the Eocene Wilcox group (Fig. 11)
supports uplift of Crowley’s Ridge by north-south trending faults along both ridge
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margins (Fig. 18). The top of the Eocene Wilcox Group is consistently lower in
the Eastern and Western lowlands on either side of the ridge. Geologic crosssections A-A’, B-B’, D-D’, and E-E’ (Figs. 12, 13, 15 and 16) further support uplift
of Crowley’s Ridge by approximately 35m. Displacement of the Eocene Wilcox
Group was also mapped in more than one area with displacement of the
underlying Paleocene Midway group. Apparent thickening of the Eocene Wilcox
group south and east of Crowley’s Ridge could indicate faulting that was in part
syndepositional.

30

Figure 18. Proposed faults within and bounding northern Crowley’s Ridge.
North-south margin faults shown in black. Red Xs represent seismic line
locations from Van Arsdale et al. (1995).
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Conclusions
This study supports the conclusion that Crowley’s Ridge is in part
tectonically controlled. Using a number of well log datasets and log correlation,
structure contour maps and six geologic cross sections were created that support
the identification of faults within and bounding Crowley’s Ridge. Displacement of
the Eocene Memphis Sand and Paleocene Wilcox and Midway groups in at least
three geologic cross sections (Figs. 13, 15, and 16) and the structure contour
map of the top of the Wilcox Group (Fig. 11) support three north-south trending
faults within Crowley’s Ridge (Fig. 18). Additionally, four seismic reflection lines
crossing the margins of northern Crowley’s Ridge, stratigraphic displacements in
geologic cross sections, and the structure contour map of the top of the Wilcox
group all support approximately 30m of post-Eocene displacement across NNESSW bounding faults of Crowley’s Ridge (Fig. 18). Apparent displacement of the
Pliocene Upland Complex in at least two geologic cross sections (Figs. 12 and
14) may be tectonic or geomorphic in origin. Further investigations of the
Paleogene should resolve whether apparent displacement of the Upland
Complex is due to faulting or Post-Pliocene terrace development.
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